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Abstract 
Some previous studies have reported the consistency of the model calculations of the impact force, angle of reflection, 
coefficient of restitution, and the ball speed and angular velocity after impact. The others have reported the theoretical analyses 
of the effect of friction for impact if the ball and the flat surface have friction, or not. But only few data from the previous 
research have reported the experimental measurement of the impact of the soccer ball, which is pressurized spherical elastic 
shell, against the flat surface which has friction. This study is primarily intended to find out the property of the characteristics of 
the friction force which is formed by the collision of the soccer ball against the materials used for the goalkeeper gloves, 
changing the impact speed from 10 to 30 m/s. The soccer balls shot out by the 3 rotors machine keep the angular velocity 0 and 
come into collision on the angle with the rectangular-shaped latex formed material used for the goalkeeper gloves on the force 
plate. The impact force is measured vertically and horizontally from the force plate. Getting the averaged impact force curves, 
we discussed about the feature of the friction force between the soccer ball and the latex formed material. In addition, we 
measured the surface texture of the latex formed material by using the laser displacement meter, and discussed the relationship 
between the friction force and the surface texture. 
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1. Introduction 
There have been many published studies on computed models for the simulation and logical analysis of the 
collision between a ball and the surface of a rigid body, which is accompanied by friction (David E. Stewart 
(2000), M. Hubbard and W. J. Stronge (2001)). However, studies that experimentally make a ball collide with a 
surface and then evaluate and analyze the characteristics of the collision pressure waveform thereof, as well as the 
friction characteristics of the surface, are still few in number. There are several published studies regarding tennis 
and golf, which relate to collision and friction, such as the measurement of the collision pressure waveform and the 
amount of deformation or the analysis of simulated collision, which use the finite element method (R. Cross (1999, 
2000), S. J. Haake et al. (2003), S. R. Goodwill and S. J. Haake (2004), S. R. Goodwill et al. (2005), K. Arakawa 
et al. (2007)). However, there are almost no similar published studies specifically regarding soccer. In addition, 
there are few studies that quantitatively measure the surface structure of the materials that collide. In this study, a 
soccer ball is collided diagonally with a force plate, with the aim of obtaining the characteristics of the horizontal 
and vertical components of the collision pressure. A latex foam material, used for the surface of a soccer 
goalkeeper’s gloves, was affixed to the surface of a force plate, and we evaluated the changes in collision pressure 
for different materials. In addition, a laser displacement meter was used to observe the surface shape of the latex 
foam material, and we aimed to clarify the surface structure characteristics that have a large influence on friction 
characteristics. 
 
Nomenclature 
v in ball speed before impact 
vout ball speed after impact 
T in impact angle 
Tout reflection angle 
Zin angular velocity of a soccer ball before impact 
Zout angular velocity of a soccer ball after impact 
2. Experimental method 
Fig. 1 shows a simplified schematic of the layout of the experimental apparatus. We used a three-rotor machine 
(Sunaga Development Co., Ltd., SSK-03) for the apparatus that projected the soccer ball, and a force plate (Kistler, 
9287CA) that measured the collision pressure. Photography of the impact event was performed by using a high-
speed camera (Photron, Fastcam SA2). Fig. 2 shows pictures of the two types of soccer balls that were used in the 
experiment. (a) is a Tango 12 (Adidas), which was the match association ball of the Union of European Football 
Associations (UEFA) Euro 2012. (b) is a Vantaggio (Molten, VG5000A), which is used as the match association 
ball by the Japan University Women Football Association, etc.. Both balls are made up of 32 panels, and the panels 
are joined through the use of thermal bonding. Ball pressure was set at 900 hPa, which is almost same value at the 
actual soccer game. Fig. 3 shows the two types of latex foam material that were used in the experiment. This 
material is used on the surface of goalkeeper gloves, with (a) being a soft latex foam material and (b) being an 
embossed latex foam material. Both types of material were kindly supplied by the Molten Corporation as a whole 
cloth. Soccer balls fired from a rotor machine collided, without rotating (Zin=0), with the latex foam material 
affixed to the force plate. Adhesive was used to affix the latex foam material to a wooden board of the same size as 
the force plate, and the wooden plate which is 5 mm thick was screwed onto the force plate at four points. Without 
the wooden plate, the latex form material is taken off the force plate at impaction even if using the double-faced 
adhesive tape between the latex foam material and the force plate. We used a video movement analysis system 
(DKH, Frame-Dias4) to analyze and calculate the incident and reflected ball velocity, the incident and reflected 
angle of collision, and the angular velocity of ball revolution after the collision, from videos taken by using the 
high-speed camera. We used a laser displacement meter (Keyence, LJ-V7060) for observing the surface structure 
of the latex foam material. 
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Fig.1 Simplified schematic of experiment environment 
 
 
Fig.2 (a) Tango12 (b) Vantaggio (VG5000A)      Fig.3 Latex form material (a) Soft (b) Emboss 
 
3. Results and Discussions 
From analyzing the video of the ball trajectories taken by using the high-speed camera, the impact angle T in is 
9.56°(SD=2.26°) and the reflection angle Tout is 13.3°(SD=3.96°). Fig. 4 displays the pressure waveform of the 
collision between the ball and the latex foam material. (a) displays the collision impact waveform for Tango 12 and 
the soft material (hereinafter, material S), (b) for Tango 12 and the embossed material (hereinafter, material E), (c) 
for Vantaggio and material S, and (d) for Vantaggio and material E. As shown in Fig. 1, the direction 
perpendicular to the force plate was defined as the positive direction of the Z-axis, and the direction in which the 
ball progressed horizontally with respect to the force plate was defined as the positive direction of the Y-axis, with 
the Z-axis component of the collision pressure as Fz (see the left-hand side of Fig. 4) and the Y-axis component as 
Fy (see the right-hand side of Fig. 4). The collision speeds were 10 (red), 15 (yellow), 20 (green), 25 (blue), and 30 
(purple) m/s. Ten measurements were performed at each speed, and the average curve at each speed was calculated 
for reduction of the electrical noise. As shown in Fig. 4, the average ball contact time at all speeds was 0.01 
seconds, which is a value close to that in prior studies (Razaei et al. (2011)). It is known that Fz depends on the 
reflection coefficient between the ball and the material, and not on their friction coefficient. However, it is 
understood that the surface friction force largely contributes to Fy, and it is considered that a large Fy results in a 
large surface friction coefficient. In addition, it is considered that when the impulse of Fy is large, the angular 
impulse that causes the ball to rotate becomes large, and so, the angular velocity of the ball after the collision 
becomes large. Fig. 5 shows the maximum values of velocity dependence for Fz (left) and Fy (right). The solid 
blue line is the combination of Tango 12 and the material S, the dashed blue line is that of Tango 12 and the 
material E, the solid red line is that of Vantaggio and the material S, and the dashed red line is that of Vantaggio 
and the material E. When we compared the maximum values of velocity dependence for Fz and Fy, Fz had a 
greater velocity dependence than Fy, and the change due to the difference in material was greater for Fy than for 
Fz. In particular, the results for Vantaggio had higher values of Fy, at all speeds, for the material S than for the 
material E. In addition, the results for the maximum value of Fy for Tango 12 showed it to be higher for the 
material S when the ball velocity was 25 m/s or lower, and higher for the material E when the ball velocity was 30 
Soccer ball 
3 rotors machine 
High speed camera 
Latex form 
material 
Force plate 
Wood plate 
(b) (a) (b) 
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m/s. Although we consider that these phenomena are largely related to the surface structure of the material of the 
ball, we cannot specify the cause at this stage. We cannot rule out the possibility that, as the ball velocity increases, 
a force greater than or equal to the maximum static friction force acts in the Y-direction, and the ball slips during 
the collision and the friction force decreases. In this case, the maximum static friction force for Tango 12 may be 
considered to be higher for the material E than for the material S. In the next paragraph, we set forth the cross-
sectional structure of the surface of each material, measured by the laser displacement meter, and consider the 
relation between Fy and velocity dependence.  
 
 
 
 
 
 
Fig.4 The average waveform of Fz (left) and Fy (right) 
(a)Tango12 on S (b)Tango12 on E (c)Vantaggio on S (d)Vantaggio on E 
The impact speed is 10(circle), 15(square), 20(trigona), 25(lozenge), 30(x mark) m/s. 
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Fig.5 The ball speed dependency of the peak value of Fz(left) and Fy(right) 
Tango12 on Soft (black circle), Tango12 on Emboss (white circle) 
Vantaggio on Soft (black trigona), Vantaggio on Emboss (white trigona) 
 
In the same manner as for collision pressure, the direction perpendicular to the surface was defined as the Z-axis, 
and the direction parallel in-plane was defined as the Y-axis. When measuring for material E, in order to measure 
the size of the embossed hole, a cross-section traversing the hole was measured. Although the Y-axis scales for the 
two graphs in Fig. 6 match, please be aware that the Z-axes differ by as much as 1 order. That is, we found that the 
depth of the unevenness of the surface is ten times greater for material E than for material S. From this 
measurement result, we were able to estimate that the diameter of a hole embossed in the face of material E was 
approximately 1 mm, the depth was about 0.6 mm, and the holes were evenly spread with a spacing of 
approximately 2 mm. If we assume the use of this kind of surface structure and consider that the holes in material 
E will not contact the ball during collision, the contact area of material E is approximately 40% lesser than that of 
material S. In general, when the contact area decreases, the friction force applied on a body decreases. The change 
in the maximum value of Fy due to the material, as expressed in Fig. 5, is at most 10%, but it may be considered 
that it is caused by the difference in contact area. But, in this study we assumed the deformation of the ball during 
the impact is same value at each speed. So, the surface roughness of the latex foam material is anything more than 
one factor in changing the peak value of the friction force at the impact because we cannot calculate the real 
contact area between the soccer ball and the latex foam material on the molecular level. 
 
 
 
Fig.6 The cross-section diagram of the surface of Soft (above) and Emboss (below) typed latex form material 
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4. Conclusion 
In this study, we made a soccer ball collide diagonally with the latex foam material that is used in goalkeeper 
gloves, and observed the collision pressure waveform by using a force plate. The two types of balls used in the test 
were Tango 12 and Vantaggio, and particularly for Vantaggio, making the ball collide with soft latex foam 
material produced higher values of the friction force than when making it collide with embossed latex foam 
material. In addition, and with no relation to the type of ball or latex foam material, a trend was observed, in which 
the maximum friction force, applied between the ball and the material, increased corresponding to higher ball 
velocity. Furthermore, we observed the surface shape of the latex foam material by using a laser displacement 
meter and the possibility that the maximum friction force decreases as the surface area decreases was indicated. In 
the future, we would like to increase the number of the types of balls and the latex foam material, perform an 
experiment that changes the collision velocity and collision angle, analyze collisions under a number of conditions, 
and further study the collision phenomenon of soccer balls.  
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